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greatest challenge to each technology. For each technology we have provided an
approximate likelihood of meeting the challenge posed by each chemical. Extensive
footnotes explain the theory and documentation behind each assessment. If you have any
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LOW-TEMPERATURE THERMAL TREATMENT

WESTON LT® SYSTEM '
CHEMICAL REASONABLE MOST GENERAL NOTES AND
CURRENT STRINGENT EFFECTIVE- FEFEENE
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD
(mg/kg) (mg/kg)
VOCs Very High 2
Vinyl Chioride 29 1.7E-08
Chiorosthane 16,000 2,700
Methylene Chioride 360 0.00002
Acetone Y 17,100 0.018
Tetrachiorosthene - 48,000 0.0004
1,1-Dichioroethene 390 0.0080
1,2-{cls)Dichiorosethene 320 0.082
Chioroform 2,800 0.087
“1,2-Dichioroethane 440 0.0019
2-Butanone 90,000 0.034
1,1,1-Trichiorosthane 150,000 0.60
Carbon Tetrachioride 3,600 0.044
1,2-Dichioropropane 68 0.0081
Trichioroethene ' 19,000 0.01
1,1,2-Trichiorosthane 400 0.00568
Benzene 1,500 0.0038 3
4-Methyi-2-Pentanone 61,000 0.079
Tetrachiorosthene 46,000 0.0004
1,1,2,2-Tetrachiorosthane 39 0.28
Toluene 130,000 30 ‘
Chiorobenzene 1,000 14
Ethylbenzene 23,000 2.0 s
Styrene 310 1.5
Xylenes (mixed) 100,000 320 .
SEMIVOLATILES Moderate
Bis(2-chiorosthyl)ether 200 1.7E-08
1,4-Dichiorobsnzene 55 0.010
isophorone 3,600 0.0012
1,2,4-Trichiorobenzene M4 20
Naphthalene 2,400 8.2 7
Hexachiorobutadiene 180 0.38
2,6-Dinltrotoluene 0.740 0.044
2,4-Dinltrotoluene 0.54 0.044
n-Nitrosodiphenylamine 53 12
Hexachiorobenzene 1.92 0.018
Pentachiorophenol 180 0.018
Di-n-butyiphthelate 3400 97
Ble(2-ethylhexyl)phthelate 14,000 1.1
Total CPAH 888 0.0026



LOW-TEMPERATURE THERMAL TREATMENT

WESTON LT® SYSTEM (Cont'd)

CHEMICAL REASONABLE MOST GENERAL  NOTESAND
CURRENT STRINGENT EFFECTIVE- FEFBENES
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD
(mg/kg) (mg/kg)

PESTICIDES/PCBs Very Low '

Alphe-BHC 0.183 0.0047

Beta-BHC - 0.521 0.016

Gamma-BHC (Lindane) BRI 0.013

Adrin .- 7. 0808 0.0017

Heptachior epoxkie * 0.00635 0.0033

Endosuitan | 1.2 0.83

4,4'-DDE 0.45 0.18

4,4-DDD 1.38 0.12

4,4-00T 28 0.088

total PCBs 451 0.0083

METALS Other 1

Antimony 152 15

Barium 5,730 2,800

Cadmium 1,700 51

Chromium (V1) 3,080 1,400



LOW-TEMPERATURE THERMAL TREATMENT

CHEMWASTE X-TRAX SYSTEM
CHEMICAL REASONABLE MOST GENERAL NOTES AND
CURRENT STRINGENT EFFECTIVE- FREFERENE
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD
(mg/kg) (mg/kg)
VOCs Very High "
Vinyl Chioride 29 1.7E-08
Chiorosthane 16,000 2,700
Methylene Chioride ~ 380 0.00002
Acetone " 17,100 0.018
Tetrachiorosthene 46,000 0.0004 2
1,1-Dichiorosthene 300 0.0080
1,2-(cis)Dichiorosthene 320 0.082
Chioroform 2,800 0.087
1,2-Dichiorosthane 440 0.0019 o
2-Butanone 99,000 0.034 "
1,1,1-Trichiorosthane 150,000 0.60
Carbon Tetrachioride 3,000 0.044
1,2-Dichioropropane 68 0.0061
Trichiorosthene 19,000 0.01 b
1,1,2-Trichiorosthane 400 0.0066
Benzene 1,500 0.0038 1
4-Methyi-2-pentanone 61,000 0.079
Tetrachiorosthene 48,000 0.0004
1,1,2,2-Tetrachiorosthane 3.9 0.28
Toluene 130,000 3.0 7
Chiorobenzene 1,000 1.4 »
Ethylbenzene 23,000 20 *
Styrene o 1.5 2
Xylenes (mbxed) 100,000 320 x
SEMIVOLATILES High
Bis{2-chiorosthyf)ether 200 1.7E-06
1,4-Dichiorobenzene 55 0.010 2
lsophorone 3,800 0.0012
1,2,4-Trichiorbenzene 344 20
Naphthalens 2,400 8.2 2
Hexachiorobutadiene 150 0.38
2,6-Dinitrotoluene 0.740 0.044
2,4-Dinitrotolusne 0.84 0.044
n-Nitrosodiphenylamine 53 12
Hexachiorobenzene 1.92 0.018 "
Pentachiorophenol - 180 0.018 »
Di-n-butyiphthelate 3,400 97 »
Blg(2-athythexyl)phthalate 14,000 11
Total CPAH 088 0.0028



LOW-TEMPERATURE THERMAL TREATMENT
CHEMWASTE X-TRAX SYSTEM (Cont'd)

CHEMICAL REASONABLE MOST GENERAL NOTES AND
CURRENT STRINGENT EFFECTIVE- FEFGENES
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD
(mg/kg) (mg/kg)

PESTICIDES/PCBs High

Alpha-BHC 0.183 0.0047

Beta-8HC 0.521 0.016

Gamma-BHC (Lindane) : 1.1 0.013

Adrin . 7 0888 0.0017

Heptachior epoxdde - 0.00835 0.0033

Endosuifan ! 1.2 063

4,4-DDE ' 0.45 0.18 »

4,4-DDD 1.36 0.12 »

4,4'-DOT 28 0.068

total PCBs 451 0.0083

METALS Other

Antimony 152 15 '

Barium ' 5,730 ‘ 2,600

Cadmium 1,700 51

Chromium (V1) 3,080 1,400



LOW-TEMPERATURE THERMAL TREATMENT

CANONIE TACIUK SYSTEM
CHEMICAL REASONABLE MOST GENERAL NOTES AND
CURRENT- STRINGENT EFFECTIVE- FRFEENES
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD
(mg/kg) (mg/kg)
" VOCs VeryHigh ¥
Vinyl Chioride 29 1.7E08
Chiorosthane 16,000 2,700
Methylene Chioride 380 0.00082
Acsetone © 17,100 0.018
Tetrachiorosthene " 46,000 0.0004
1,1-Dichiorosthene ‘390 0.0000
1,2-(cle)Dichiorosthene 320 0.082
Chioroform 2,800 0.087
1.2-Dichiorosthane 440 0.0019
2-8utanone 909,000 0.034
1,1,1-Trichiorosthane 180,000 0.00
Carbon Tetrachioride 3,000 0.044
1,2-Dichioropropane 68 0.0051
Trichiorosthene 19,000 0.01
1,1,2-Trichiorosthane 400 0.00568
Benzene 1.500 0.0038
4-Methyi-2-Pentanone 61,000 0.079
Tetrachiorosthene 48,000 0.0004
1,1,2,2-Tetrachiorosthane 39 0.28
Toluens 130,000 3.0
Chicrobenzene 1,000 1.4
Ethylbenzene 23,000 20
Styrene 310 15
Xylenes (mixed) 100,000 320
SEMIVOLATILES High
Bls(2-chiorosthyl)ether 200 1.7€-06
1,4-Dichiorobenzene 55 0.010
isophorone 3,600 0.0012
1,2,4-Trichlorbenzene M4 20
Naphthalene 2,400 92
Hesachiorobutadiene 150 0.38
2,6-Dinitrotoluene 0.740 0.044
2,4-Dinktrotoluens 0.84 0.044
n-Nitrosodiphenylamine 53 12
Hexachiorobenzens 192 0.018
Pentachiorophenol 180 0.018
Di-n-butyiphthalete 3,400 o7
Bis(2-sthythexyl)phthalate 14,000 1.1
Total CPAH [ . %] 0.0026



LOW-TEMPERATURE THERMAL TREATMENT

CANONIE TACIUK SYSTEM (Cont'd)

CHEMICAL REASONABLE MOST GENERAL NOTES AND
CURRENT STRINGENT EFFECTIVE- FEFEFRENES
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD
(mg/kg) (mg/kg)

PESTICIDES /PCBs ' Moderate u»

Alpha-BHC 0.183 0.0047 ’

Beta-BHC 0.521 0.018

Gamma-BHC (Lindane) 11 . 0.013

Aldrin ~ .- 0808 0.0017

Heptachior epoxide 0.00835 0.0033

Endosulfan | ' 1.2 0.63

4,4'-DDE 0.45 0.16

4,4-DDD 1.35 0.12

44007 3 0.088

total PCBs 451 0.0083

METALS Other »

Antimony 152 15

Barium 5,730 2,000

Cadmium 1,700 51

Chromium (V1) 3,080 1,400



IN SITU VAPOR EXTRACTION SYSTEMS ¥

CHEMICAL REASONABLE MOST GENERAL NOTES AND
CURRENT STRINGENT EFFECTIVE- FHEBENE
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD
(mg/kg) (mg/kq)

VOCs High »

Vinyl Chioride 29 1.7E-08

Chiorosthane 16,000 2,700

Methylene Chioride 380 0.00082 »

Acetone 17,100 0.018 ©

Tetrachiorosthene " 48,000 0.0004 “

1,1-Dichiorosthene "380 0.0080

1,2-(cis)Dichiorosthene 320 0.082

Chioroform 2,800 0.087 e

1,2-Dichiorosthane 440 0.0019

2-Butancne 90,000 0.034 s

1,1,1-Trichiorosthane 150,000 0.60 “

Carbon Tetrachioride 3,600 0.044 .

1,2-Dichioropropane 68 0.0051

Trichiorosthene 19,000 0.0t bt

1,1,2-Trichiorosthane 400 0.0066

Benzene 1,500 0.0038 i

4-Methyl-2-Pentanone 61,000 0.079

Tetrachiorosthene 48,000 0.0004

1,1,2,2-Tetrachiorosthane 39 0.28

Toluene 130,000 30 hd

Chiorcbenzene 1,000 1.4

Ethyibenzene 23,000 20 .

Styrene 310 15

Xylenee (mbed) 100,000 320 ®

SEMIVOLATILES Moderate

Bis(2-chiorosthyf)ether 200 1.7E08

1,4-Dichiorobenzene 58 0.010 st

isophorone 3,600 0.0012

1,2,4-Trichiorbenzene 344 20

Naphthalene 2,400 9.2

Hexachiorobutadiene 150 0.38

2,6-Dinktrotolusne 0.749 0.044

2,4-Dinitrotoluene 0.84 0.044

n-Nitrosodiphenylamine 53 12

Hexachiorobenzene 1.92 0.018

Pentachiorophenol 180 0.018

Di-n-butyiphthalate 3,400 97

Bis(2-sthythexyl)phtheaiate 14,000 1.1

Total CPAH 088 0.0028



IN SITU VAPOR EXTRACTION SYSTEMS (Cont'd)

CHEMICAL REASONABLE MOST GENERAL NOTES AND
CURRENT STRINGENT EFFECTIVE- FBBENEB
MAXIMUM CLEANUP NESS
CONCENTRATION STANDARD

. (mg/kg) (mg/kg)

PESTICIDES/PCBs . Low ®= 9

Apha-BHC 0.183 0.0047

Beta-BHC 0.521 0.018

Gammea-BHC (Lindane) 1.1 0.013

Aldrin 0.808 0.0017

Heptachior spoxide A .7 0.00838 0.0033

Endosulfan | 1.2 0.63

4,4'-DDE 0.45 0.18

4,4'-00D 1.3 0.12

4,4'-D0T : 28 0.088

total PCBs 451 0.0083

METALS Very Low .

Antimony 182 15

Barlum 8,730 2,600

Cadmium 1,700 81

Chromium (V1) 3,080 1,400



NOTES AND REFERENCES

1. Thermal treatment systems generally: The predicted effectivensss can be viewed as a prediction of both
a long-term and short-term effectivenses. All of the low temperature thermal treatment systems would
invoive excavation, which will expose any buried drums for removal and appropriste treatment. This would
engender confidence in the permanence of the iong-term accuracy of the tabulated predictions, as drum
removal will eliminate potential future sources of renewed soll contamination.

2. LT° and VOCs: General technical iterature suggests that iow temperature systems are very effective
againet VOCs. (See, 0.g., Hoiden, T., ot 8. How o Select Hazardous Waste Treatment Technologies for
Soils and Sludges. Noyes Data Corporation. 1969.) The LT system has demonstrated full-scale capability
in treating VOCs. (Weston Project Summary, July, 1988.)

3. LT‘huadiwcd&nfolqwthdbumuﬂnﬂdduo(ppbbdon:ppr: {1,000: 5.2).

4. LT® has achieved the following reduction of tolusne at the fisid scale (ppb before: ppb after): (24,000:
5.2). :

5. LT° has achieved the following reduction of sthylbenzene at the flsid scale (ppb before: ppb after):
(20,000: 4.8).

6. LT® has achieved the following reduction of xylenes at the fleid scale (ppb belfore: ppb after): (110,000:
<1.0). : .

7. LT has achieved the following reduction of naphthalene at the fleid scale (ppb before: ppb after): (4,900:
<330). .

8. LT? and PCBs: General technical iiterature suggests that low temperature systems are ineffective against
PCBs. (See, 0.g., Holden et al.)

9. LT® and pesticides: General technical fiterature suggests that low temperature systems are ineffective
againet pesticides. (See, ¢.g., Holden et al.)

10. LT and metals: While thermal trestment will not remove metals, stabliization of the treatment residue
has demonsirated effectivensss at preventing migration. (Holden et al.)

11. X-Trax and VOCs: General technical Rerature suggests that iow temperature systems are very effective
againet VOCs. (See, 6.g., Holden et al.) X-Trax has demonstrated eflectivensss In reducing VOCs at iab
and pliot scale. (Swanstrom, C. Thermal Seperation of Solids Contaminated with Orgenics. Presented at
HazMat ‘91 West. November 1901.)

12. X-Trax has achieved the following reductions of tetrachlorosthens (ppm before: ppm after): (118: <0.25)
at the pliot scale, and (100: <0.008) and (150, 0.004) at the lab scale.

13. X-Trax has achisved the following reductions of 1,2-dichiorosthane at the lab scale (ppm before: ppm
after): (38, 0.62).

14. X-Trax has achieved the following removal of 2-butanone at the plict scale (ppm before: ppm after):
(27.6: 1.9).

15. X-Trax has achieved the following reductions in trichiorosthens (ppm before: ppm ater): (28: <0.25)
at the pllot scele, (103: <0.008) at the lab scale.



16. X-Trax has achieved the following removal of benzene (ppm before: ppm after): (7.2: oozs)aw(seo
<0.21), both at the iab scale.

17. X-Trax has achieved the following reductions of toluene (ppm before: ppm after): (12: <0.10) and (48:
<0.024) at the lab scale, and (138, 2.2) at the pllot scale.

18. x-Tmmmm'MmdecﬂaMmmmmmzppm
chiorobenzene after): (61.8: 0.008) at the pliot scale, (110, 0.180) at the field scale.

- 19. X-Trax has achieved the following removal of ethylbenzene (ppm before: ppm after): (40, 0.050) at the
piiot scale, (82: <0.024) at the lab scale.

x-r:-:mmmmmamnamwm(ppmm ppm after): (44:
<0060) (200: <0.008). _

21. x-Tmmmmmmdmmm:mm:m <0.50)dthlpld.
scale, (77: <0.10) at the lab scale.

22. X-Trax has achieved the following reductions of dichiorobenzene (ppm before: ppm after): (537: 0.074)
1,2-dichiorcbenzene at the pliot scale, (82: <0.33) 1,2.dichiorobenzens at the lab scale, (78.4, 0.001) 1,4-
dichiorobenzene at the pliot scale.

23. xm«mmmmmuwumum(ppmm ppmmf) (80:

24. x-rmmmmmmmmmmmm: ppm after): (79.2:
0.30) at the plot scale, (7.9: 0.40) at the fleld scale.

25. x-rmmmmmmhwwchummwmm
aner): {1,716: <0.68), (497: <1.6), (386: 7.8), (17.9: <0.63).

26. X-Trax has achieved the following removal of di-n-butyl phthalate (ppm before: ppm after): (77, 0.31)
at the pliot scale.

27. X-Trax and PCBs: General technical Rerature suggests that low temperature systems are ineffective
against PCBe. (See, o.g., Holden ot al.) X-Trax, however, has demonstrated effectivensss In reducing
PCBs at the iab and pliot scale. (Swanstrom. November 1991.) X-Trax generally achieves final PCB
concentrations iess than 26 ppm and frequently less than 10 ppm (Swanstrom, C. Determining the
Applicabillty of X-Trax for On-sie Remediation of Soi Contamineted with Organic Compounds. Presented
st HazMat Contral. April 1901.)

28. X-Trax and pesticides: General technical Rerature suggests that low temperature systems are ineffective
againet pesticides. (See, 0.g., Hoiden st al.) X-Trax has demonstrated eflectivenses at reducing pesticides
at the leb scale. (Swanstrom, November 1991.) in one trestabiity study voving chiordane, heptachior,
and lindane, 97 percent reduction was achieved. (Swanstrom, April 1991.)

29. X-Trax has achieved the following reductions of 4,4°-DDE at the lab scale (ppm befors: ppm aRer): (32:
0.57).

30. x-rmmmunmmm.&ooouuuwmm:ppmmr): (320:
1.3).
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a3 X-TmMMWMMWhPC&hhbWM“MMPCBW:m
PCB sfter): (12: <2), (50, <2), (97, <2), (120, 3.4), (630: 17), (1,600: 4.8), (2.800: 19), (7,800: 24).

32. X-Trax and metais: While thermal treatment will not remove metais, stabiiization of the treatment residue
has demonstrated effectiveness at preventing migration. (Hoiden et al.) X-Trax has achieved reductions
in mercury, but mercury is an exceptional nmetal, as R is volatiie at high temperatures. X-Trax has achieved
no reduction in other metals.

33. Taciuk and VOCs: General technical literature suggests that low temperature systems are very effective
against VOCs. (See, e.g., Hoiden et al.)

34. Taciuk and PCBs: General technical iterature suggests that low temperature systems are ineffective
MPCBQ. (See, e.g., Hoiden et ai.) However, Tackuk has demonetrated full-ecale effectivenses against

PC8s. (Swaneon, S. ramm«mmwmmm Chicago Tribune September 8,
1901.)

35. Taciuk and pesticides: General technical iterature suggests that low temperature systems are ineffective
against pesticides. (See, e.g., Hoiden et al.) However, effectivensss againet PCBs augurs well for
effectivensss against pesticides, which have similar Henry’s Law constants.

36.. Taciuk and metals: While thermal treatment will not remove metals, stablitzation of the treatment residue
has demonstrated sffectivensss at preventing migration. (Hoiden et al.)

37. In situ systems generally: The predicted effectiveness is best viewed as an indication of short-term
effectivensss. In situ systems do not employ excavation, 30 they do not necessarlly identlly or remove
buried drums. The potential presence of buried drums reduces the long-term rellabiity of the tabulated
effectivensss, as ISVE would not affect the materials sequestered inside drums. Years alter termination of
ISVE, adequately remediated solls could conceivably become recontaminated in the long term as buried
drums gradually corrode and release their contents.

38. ISVE and VOCs: Works well for volatiie compounds with Henry’s Law conetants greater than 3 x 10°
stm-m/mole. (Holden et al. See also, Hutzier ot al. Siate of Technology Review: Soll Vapor Extraction
Systems. NTIS PB8G-194184. June, 1980.)
Aeoocdlmmu.s.EPA.'meaVOOQhﬁbmmldlmemiVw[m
ISVE vendor] to reduce sol and groundwater contaminant levels from saturated condiions down to
nondetectable. Therelfore, conocentration limiations [epressed in VOC treatment goale] are virtually
eliminated [as a concem] with this technology.® (U.S. EPA. Tema Vac in Sku Vecuum Bxtraction System:
Applications Analyis Report: Superfund Innoveative Technology. EPA/S40/AB-80/003. July, 1980.)

30. Terra Vac has successfully exdracted methylene chioride.

40. Terra Vac has successiully exdracted acetone.

41. Terra Vac has successiully edracted tetrachiorosthene. Terra Vac has used ISVE to remove PCE at
the Tyson’s and Verona Superfund Shes.

42. Terra Vac has successfully extracted chioroform.
43. Tmmmmmz«m\a (rhoyedlwwmn) Terra Vac has used
ISVE to remove ISVE at the Verona Superfund Ske. :

1



44. Terra Vac has successiully exdracted trichiorosthane.

45. Terra Vac has successfully extracted carbon tetrachioride. Terra Vac has used ISVE to remove carbon
tetrachioride at the Barceloneta Superfund Ske.

46. Terra Vac has successiully exiracted trichiorosthens. Terra Vac has used ISVE to remove TCE at the
Tyson's and Verona Superfund Skes. In a SITE program derrionstration, the system achieved the following
reductions (ppm TCE before: ppm TCE after): (22.98: 20.31), (3.38: 2.38), (8.89: 8.30), (96.10:4.18), (1. 10
0.34), (14.75: 8.98), 227.31: 84.50), (0.87: 1.08).

47. TmVuchuuMymm Terra Vac has used ISVE to remove benzens at the
Tyson's and Verona Superfund SRkes.

48. Terra Vac has succeesiully edracted toluene. TmVachuuudlSVEtommtdmaﬂn
Tyson’s and Verona Superfund Skes. A

40. Tmmmwmmm Terra Vac has used ISVE to remove sthyibenzene
at the Verona Superfund Ske.

50. Terra Vac has successiully exdracted xylenes. Terra Vac has used ISVE to remove xylenes at the
‘Tyson’s and Verona Superfund Sites.

§1. Terra Vac has successfully extracted dichiorobenzene.

52. ISVE and PCBe: Does not work well for less volatiie compounds, such as PCBe, aithough addition of
stsam or or hot alr may heip. (Hoiden et al.) U.S. EPA has pointed out, however, "For those sltes with
numerous types of compounds (Le., VOCs, PCBs, pesticides, and metale) a phased approach is often
required. In thees cases, k s prudent to remove VOCs first using vacuum edraction so that other
technologies can then be applisd more cost-eflectively and safely. For example, in the chemical trestment
or incineration of sol, which requires excavation, the heaith risk of excavation is minimized ¥ the majority
of VOCs are removed first, in slitu, by vacuum exdraction. Not only is the health risk minimized but also the
mummwmwmammwdmm
- (U.S. EPA. July, 1980.)

53. ISVE and pesticiies: Does not work well for less volatiie compounds, such as pesticides, although
addition of steam or hot air may help. (Hoiden et al.)

54. ISVE and metals: Does not work at all for metals, eccept for the relatively rare volatiie metals, such as
mercury, which ls not present at ACS. (Hoiden et al.) But according to U.S. EPA, "Many methods used to
chemically stabliize metals are more effective after vacuum exdraction has removed VOCs." (U.S. EPA. July,
1980.)
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